Orbital lymphomas account for less than 1% of all non-Hodgkin\'s lymphomas in the body. The mucosa-associated lymphoid tissue (MALT) type of orbital lymphoma involving the ocular adnexa is the most common histological type \[[@B1]-[@B4]\]. Several studies have reported that MALT lymphomas constitute a higher proportion of primary ocular adnexal lymphomas (OAL) in Korea and Japan (80% to 98%) than in western countries (50% to 78%) \[[@B3],[@B4]\] and that ocular adnexal MALT lymphoma (OAML) develops at a younger age at initial presentation in the Korean population \[[@B3]\].

Radiotherapy is known as a treatment modality with a high local control rate for primary OAML \[[@B1],[@B2]\]. Despite its high local control rate, many studies have reported that radiation can induce complications such as cataracts, keratitis, dry eye syndrome, and retinopathy \[[@B1],[@B5]-[@B8]\]. The lens of the eye is a radiosensitive structure \[[@B7]\]. It is well established that ionizing radiation exposure damages the dividing cells of the crystalline lens; differentiation and migration of the damaged cells to the posterior pole leads to posterior lens opacifications \[[@B7],[@B9]\]. Cataracts can be induced by a single dose of \<2 Gy, or 4 to 5.5 Gy in a fractionated dose, and toxicity is more common with doses \>36 Gy \[[@B4]-[@B6],[@B10]-[@B12]\]. While many studies have reported possible radiation doses for cataract formation \[[@B4]-[@B6],[@B8]\], and some have reported that radiation can induce subcapsular opacification of the lens \[[@B9],[@B13]\], we have limited detailed information about the characteristics of radiation-induced cataracts in OAML.

Although OAML is an indolent, non-fatal disease, and the overall survival rate of OAL is high (92.8%) \[[@B3]\], patients have the possibilities of surgery for radiation-induced cataract at a relatively young age \[[@B3],[@B4]\]. Cataract operations can be stressful, especially in younger patients, and can decrease the quality of life due to early loss of accommodation and near vision. To our knowledge, there are no detailed reports on the characteristics of frontline radiotherapy associated cataracts. It would be helpful to analyze frontline radiotherapy associated cataracts in detail for OAML patients to maintain better quality of life.

The present retrospective study assessed the clinical characteristics of radiotherapy associated cataracts in eight consecutive patients with a diagnosis of OAML treated at Seoul St. Mary\'s Hospital. In particular, we investigated fractionation and total radiation dose, grade of lens opacification, intervals from first radiation exposure to cataract surgery, visual acuity changes before and after radiotherapy, cataract surgery techniques, final visual outcomes, and surgical complications.

Materials and Methods
=====================

A retrospective review was performed on the medical records of all patients who had undergone cataract surgery at the Department of Ophthalmology in Seoul St. Mary\'s Hospital after radiation therapy due to primary OAML from April 2005 through July 2010. Diagnosis and radiotherapy of OAML were performed at the Catholic University Lymphoma Group of Seoul St. Mary\'s Hospital. This study was approved by the institutional review board of the Catholic University of Korea and follows the principles of the Declaration of Helsinki.

Data collected included gender, affected eye, age at the time of OAML diagnosis, location of OAML, clinical stage of lymphoma, using both the Ann Arbor and TNM-based systems \[[@B14],[@B15]\], best-corrected visual acuity (BCVA) at initial visit using the Snellen chart, and initial cataract status using the Lens Opacity Classification System III (LOCS III) cataract grading system.

In addition to radiation, treatment modalities were evaluated. Radiotherapy data included fractionation, daily radiation dose, total radiation dose, and BCVA just after radiotherapy. The interval between first radiation exposure and cataract operation, age at the cataract surgery, BCVA before the operation, and cataract status using LOCS III, were also evaluated.

Characteristics of cataracts included not only lens opacification, but also preoperative spherical equivalent (SE), preoperative corneal endothelial cell count, axial length, surgical techniques of lens removal, type of intraocular lens (IOL), postoperative uncorrected visual acuity (UCVA) and SE, and last-visit UCVA. The presence of after-cataracts and their durations were also checked to determine whether Nd:YAG laser posterior capsulotomy was needed.

Mean visual acuities (BCVA and UCVA) were determined using the Snellen chart. Statistical analyses were carried out using Excel 2007 (Microsoft Corporation, Redmond, WA, USA). A *p*-value \<0.05 was considered significant.

Instruments and surgical procedures
-----------------------------------

Radiation treatment was administered five times weekly. Complete ocular examination was performed before cataract surgery. Corneal endothelial cell counts were performed using specular microscopy (Konan; Noncon Robo-CA-ICO-NAN Inc., Hyogo, Japan), and axial length was measured with IOL Master (Carl Zeiss, Jena, Germany). Cataract surgery was performed using a phaco machine (Alcon Infinity Vision System; Alcon, Hunenberg, Switzerland) with intraocular lens implantation into the capsular bag. Foldable acrylic IOL was inserted through a 2.0- or 3.0-mm clear corneal incision. During the operations of two patients, posterior continuous curvilinear capsulorhexis (PCCC) was manually performed. After surgery, patients used levofloxacin eye drops 4 times a day for 4 weeks and topical fluorometholone 4 times a day for at least 1 month. For management of after-cataracts, posterior capsulotomy was performed with an Nd:YAG laser (Optimis II, Quantel Medical, Cedex, France) at the outpatient department.

Follow-up
---------

We followed-up with the patients every 3 months for the first 2 years after radiotherapy, every 4 months for the following 2 years, and every 6 months for the fifth year. In addition to adhering to their follow-up schedule, all patients were instructed to visit the Department of Ophthalmology whenever they had any ophthalmologic problem, including a decrease in visual acuity. After cataract surgery, we followed-up with them at postoperative day 1, 1 week, 1 month, and 2 months. Patients were then followed-up regularly every 3 months.

Results
=======

We identified 41 patients who had been treated with radiation for OAML and enrolled among them eight eyes from eight patients who had undergone cataract surgery due to radiation in OAML. There were seven women and one man; two were right eyes and six were left eyes. The median age was 46 years (range, 36 to 69 years). Pathologies of the patients were all reported as MALT lymphoma. The most common locations of OAML were the fornix conjunctiva (75%), especially the inferior side ([Table 1](#T1){ref-type="table"}). The clinical stages using the TNM-based system \[[@B14],[@B15]\] were classified as T1N0M0 in seven patients and as T2N0M0 in one patient. All lymphomas were categorized as Stage IE using the Ann Arbor staging system. BCVAs at the initial visit were all determined to be 1.0 with the exception of one patient who had vision of 0.8. The mean lens opacification before any treatment using LOCS III was NO0.5, NC0.5, C0.5, P0.5.

All patients were treated with radiation only and not with systemic therapy, such as chemotherapy. The median fractionation dose of radiotherapy was 20 cGy (range, 17 to 25 cGy), and the daily dose was 180 cGy in six patients and 200 cGy in two patients. The median dose of total radiation was 37.8 Gy (range, 30.6 to 45 Gy). The mean BCVA just after radiotherapy was 0.98 ± 0.07, which was the same visual acuity as that of the initial visit. The mean interval from the first radiation exposure to the cataract operation was 36.60 ± 8.93 months ([Table 2](#T2){ref-type="table"}). The median age of patients who underwent cataract surgeries was 46 years (range, 41 to 71 years).

The average BCVA just before cataract surgeries was 0.43 ± 0.21, and the average lens opacification using LOCS III was NO1.8, NC2.0, C1.9, P3.9. In all patients, posterior subcapsular cataract (P) increased in LOCS III grade by two or more units ([Table 3](#T3){ref-type="table"}). Half of the patients showed preoperative refractive errors due to cataracts. The median endothelial cell count was 2,621 cells/mm^2^ (range, 1,408 to 3,012 cells/mm^2^), and one patient had a very low corneal endothelial cell count of 1,408 cells/mm^2^ (case 7). The mean axial length was 23.69 ± 0.55 mm. All lenses were removed using the phacoemulsification technique, and foldable acrylic IOLs were inserted into the capsular bags. The characteristics of cataract and the types of IOLs inserted are summarized in [Table 3](#T3){ref-type="table"}.

For posterior subcapsular opacification (PSCO) management, PCCC was performed in two patients (case 3 and 7) during the surgery. Unfortunately, we experienced a minor posterior capsule (PC) tear during the operation for case 2, and an anterior vitrectomy was needed. After the operation, the patient complained of a floater for 1 month. Her final vision at postoperative 3 months was 0.8, and the floater symptom resolved. After-cataracts progressed in three patients within 4 months after the surgeries. In three of the cases (case 1, 2 months; case 5 and 8, 4 months), Nd:YAG laser posterior capsulotomy was performed. One case (case 6) is currently under consideration for laser posterior capsulotomy for glare vision, which occurred due to PCO at postoperative 8 months, although she has good visual acuity. The average UCVA 1 week after cataract surgery was 0.90 ± 0.14. We followed the patients for a median period of 5 months (range, 2 to 24 months) after cataract surgery. All patients (100%) experienced a return to their preoperative visual acuities (≥0.8), and the mean final UCVA was 0.93 ± 0.10. Changes in pre- and postoperative visual acuity with SE are shown in [Table 2](#T2){ref-type="table"}.

Discussion
==========

We report a series of eight primary OAML patients with radiotherapy associated cataracts that required surgery. Although the number of patients is small, this is the first report to elucidate risk potentiality of frontline radiotherapy associated cataract in primary OAML. Yoon et al. \[[@B3]\] reported that Korean MALT lymphoma patients are relatively young (mean age of 46 years). In this study, the median age at which surgery was performed was 46 years (range, 41 to 71 years); considering that cataract surgeries are usually performed in aged persons, the mid-forties is a relatively young age. Cataract surgery patients have problems with near vision without the help of near glasses due to decreased accommodative function, even though the surgery recovers visual acuity for distant vision. Thus, cataract surgery can be a stressful situation for relatively young patients, in whom surgery should be performed after radiation therapy.

Cataracts can be induced by a rather low threshold radiation dose (below 0.5 Gy) \[[@B16]\], and many studies have warned that to prevent ophthalmic complications, the total radiation dose should not exceed 36 Gy \[[@B4]-[@B6],[@B10]-[@B12]\]. Current National Cancer Center Network guidelines recommend radiotherapy of 20-30 Gy for initial treatment of early-stage nongastric extranodal marginal zone lymphoma of all sites, and re-irradiation for locally recurrent disease. Our median total radiation dose was 37.8 Gy (range, 30.6 to 45 Gy), which is a borderline dose for the recommended treatment. Although patients showed good vision with clear lenses at the initial ophthalmic examination, they lost vision and developed opacification after a mean interval of 36.6 ± 8.93 months from the first exposure to radiation. Ferrufino-Ponce and Henderson \[[@B7]\] reported that postradiation cataracts take an average of 42 months to develop (range, 1 month to 7 years). Son et al. \[[@B10]\] and Monzen and Hasebe \[[@B17]\] reported that especially in OAML patients, cataract development after radiation exposure ranged from 25 to 50 months and 26 to 37 months, respectively; these durations are similar to those of our study. Ferrufino-Ponce and Henderson \[[@B7]\] reported that clinically significant cataract formation after radiation therapy occurs in 40% to 50% of patients. [Table 4](#T4){ref-type="table"} summarizes the literature regarding cataract development after radiation treatment in OAL patients; our study demonstrated an incidence of cataract formation of \<20%.

The development of posterior subcapsular cataracts after radiation is widely accepted \[[@B7]\]. In our study, opacification of the posterior subcapsular area increased at least two grades using the LOCS III system in all patients. Cataractogenic radiation damage occurs at the \"germinative zones\" at the anterior surface, where dividing cells form a clear crystalline-protein fiber that migrates toward the posterior pole of the lens, the posterior subcapsular region \[[@B13]\]. However, Ferrufino-Ponce and Henderson \[[@B7]\] reported that there was evidence that cortical cataracts and nuclear sclerotic cataracts can also form in response to radiation.

During preparations for cataract surgeries, we found that 1 patient had a very low corneal endothelial cell count (1,408 cells/mm*2*) in the affected eye, but a much higher (over 2,000 cells/mm*2*) corneal endothelial cell count in the unaffected eye. Because we did not utilize specular microscopy at the initial visit prior to radiotherapy, we cannot prove the relationship between corneal endothelial damage and radiation irradiation. However, we carefully suggest that there might be a possibility of radiation-induced corneal endothelial damage via an unknown mechanism.

Due to PSCO, the posterior capsule was torn in one eye (12.5%); fortunately, we could insert an IOL into the capsular bag after anterior vitrectomy, and no further surgical management was needed. Wachtlin et al. \[[@B18]\] reported the same percentage (12.5%) of posterior capsular defects during radiation-induced cataract surgery in choroidal melanoma. Most patients should be under consideration for PSCO management during the operation.

Although there was the case of a PC tear during the operation and early development of after-cataracts, the final visual outcome of all patients was good and without complication. Usually, after-cataracts occur several years following surgery \[[@B19],[@B20]\]. However, in this study, after-cataracts progressed in a very short period; within 4 months after the initial cataract operation, three patients (37.5%) had undergone Nd:YAG laser posterior capsulotomy. If after-cataracts progress, glare phenomena and reduced contrast can be problems in everyday life \[[@B21]\]; thus, patients who undergo cataract surgery due to radiation in OAML should be closely followed for early detection and management of after-cataracts.

In summary, radiotherapy in localized primary OAML mostly increased posterior subcapsular cataract at a relatively young age. It takes an average 3 years to develop cataract. Although it is possible that radiation damages not only the lens of the eye but also the cornel endothelium, which might lead to permanent corneal decompensation, the final postoperative visual outcomes of radiotherapy associated cataract surgeries were good. One of the important factors in determining cataract formation is the total radiation dose to the lens, and we should remember to always choose the lowest, most effective dose of radiation. To learn more about the complications caused by radiotherapy, prospective studies will be necessary.
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Demographics of patients and treatment dose of radiotherapy
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Pathologies of all patients listed were mucosa-associated lymphoid tissue lymphoma.

^\*^Tissue biopsy was performed through anterior orbitotomy under local anesthesia
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Changes in visual acuity and SE
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SE = spherical equivalent; BCVA = best-corrected visual acuity; RT = radiotherapy; UCVA = uncorrected visual acuity.

^\*^Duration from first exposure of radiation to surgery undertaken.
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Characteristics of cataract and the types of IOLs used
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In all patients, P increased in LOCS III grade by two or more units. In case 2, a posterior capsule rupture occurred during phacoemulsification due to severe posterior subcapsular cataract, and in case 3 and 7 , PCCC was performed during the operation.

IOL = intraocular lens; NO = nuclear opalescence; NC = nuclear color; C = cortical cataract; P = posterior subcapsular cataract; PSCO = posterior subcapsular opacification; PC = posterior capsule; PCCC = posterior continuous curvilinear capsulorhexis
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[^1]: ^\*^These two authors equally contributed in this study.
